The Siberian or Djungarian hamster (Phodopus sungorus) is a cricetid rodent whose reproductive ability and pelage colour are photoperiod dependent. Short photoperiods induce testicular regression and moult to the white winter pelage (Hoffman, 1982; Duncan & Goldman, 1984a; Duncan & Goldman, 1984b; Duncan et al., 1985) . Advantages as a laboratory animal include high reproductive capacity with a short generation time, small body size and simple husbandry needs. They are an apparently hardy species in the laboratory setting; although extremely cold tolerant, they appear not to be very heat tolerant (Weiner & Gorecki, 1981) .
Ketamine (Ketaset : Bristol Laboratories, Syracuse, NY 13201, USA) is a non-barbiturate, centrally acting, dissociative anaesthetic with a wide margin of safety. The mechanism for ketamine anaesthetic activity is a complex one and may vary depending upon the species. Recovery is characterized by emergence from a catalepsy followed by ataxia and increased motor activity (Wright, 1982) . Ketamine, when used alone, has been found to be an unsatisfactory anaesthetic in several laboratory animal species because of poor analgesia (White & Holmes, 1976; Van Pelt, 1977; Green et 01., 1981; Curl & Peters, 1983) . Disadvantages also include increased salivation, poor muscle relaxation and irritation at the site of injection when given intramuscularly (Wright, 1982) .
Xylazine (Rompun : Haver Lockhart Laboratories, Shawnee Mission, Kansas 66202, USA) is a non-narcotic, centrally-acting sedative, analgesic and muscle relaxant. The degree and location of analgesia varies with species, and it is minimal in the extremities. Xylazine has a potent local anaesthetic effect. A major disadvantage is that it can cause transitory bradycardia and second degree atrioventricular block. This is probably due to increased vagal tone in response to transitory hypertension, which occurs due to increased peripheral resistance (Knight, 1980) . In combination, ketamine and xylazine have been used successfully in the anaesthesia of a wide variety of domestic, feral and laboratory animal species, with the effective dose varying widely among species (Green et 01., 1981; Wright, 1982) . Syrian hamsters require an especially high dose (Curl & Peters, 1983) . However, since the body composition and response to photoperiod of the Djungarian hamster is significantly different from that of the more widely used Syrian hamster (Wade & Bartness, 1984) , it is possible that responses to anaesthesia may also be different.
The object of this study was to determine a safe and effective anaesthetic technique, using a combination of ketamine and xylazine, and to determine the effect of photoperiod on the response to the anaesthetic regimen in the Djungarian hamster.
Materials and methods
In a preliminary study, intraperitoneal (i.p.) injections of ketamine and xylazine were given alone and in combination. Ketamine was given in doses of 75, 150, and 300 mg/kg. Xylazine was given at doses of 15, 30, and 60 mg/kg. A mixture of the two drugs was tried at 25/10, 50/10, 75/10, 100/10, 200/10, and 75/5 (ketamine/ xylazine in mg/kg). Based on this preliminary study, 4 levels of ketamine/xylazine mixtures (50/10, 100/5, 100/10, 200/10 mg/kg) were compared at each of two light regimens: long day (16 h light: 8 h dark) and short day (8 h light: 16h dark). The animals were acclimatized to the individual photoperiods for 7 weeks prior to experimentation. Seventeen male and 19 female Djungarian hamsters ranging in weight from 22 to 55g were bred and maintained as a closed colony in a facility accredited by the American Association for the Accreditation of Laboratory Animal Care. Groups of 2-5 animals were kept in polycarbonate mouse boxes on hardwood chip bedding and given free access to tap water and a commercial pelleted rodent diet. All drug doses were given intraperitonealy into either the left or right posterior abdominal quadrant using a 25 ga VB inch needle and a 1ml syringe. Stock solutions of the separate drugs were mixed at the appropriate ratios in a sterile vial from which the individual doses were drawn. No dilutions of stock solutions were made. There was at least a 7 day interval between each dose.
Curl
The plane of anaesthesia was evaluated by observing and recording the response to painful stimuli and monitoring the loss of the righting reflex. The painful stimuli were created by pinching the abdominal skin and toes with a forcep. Any body movement, muscle twitching or vocalization was considered a positive response. The respiration rate was monitored visually every 15min during anaesthesia. No cardiovascular monitoring was carried out in this study.
Five animals judged to be in a surgical plane of anaesthesia by the above criteria were subjected to exploratory laparotomy. This was done to ensure that the skin pinch used to evaluate pain was a valid indicator of surgical pain. Adequacy of anaesthesia during surgery was assessed by monitoring the respiratory rate, body movements and vocalization during surgical manipulation. For humane reasons these animals were not allowed to recover from anaesthesia.
Data were analysed by the least squares analysis of variance using the general linear models procedure of the Statistical Analysis System (Goodnight, 1979) . The model included sex, photoperiod, anaesthetic dose (50/10, 100/5, 100/10 ketamine/xylazine mg/kg) and interaction terms.
Results
In the preliminary trials, ketamine or xylazine alone did not produce satisfactory anaesthesia. A dose of 60 mg/kg of xylazine alone caused loss of the righting reflex, but did not provide adequate analgesia. Doses of 15-30 mg/kg of xylazine alone did not immobilize the animals. Severe ocular protrusion and respiratory depression were noted at the higher doses of xylazine. Animals given ketamine alone at doses of 75-300 mg/kg lost the ability to right themselves for 20-105 min respectively, but retained sensitivity to pain. Adequate immobilization and analgesia with mild to moderate respiratory depression occurred at ketamine doses of 50-100 mg/kg given with 5-10 mg/kg of xylazine.
The effects of dose on length of anaesthesia are summarized in Table 1 . Ketamine/xylazine given i.p. at a dose of 50/10, 100/10, or 100/5 
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mg/kg appeared to be a safe and effective dose in the Djungarian hamster. Ninety-eight per cent of the animals receiving the lowest dose and 100% receiving the two higher doses became immobile and did not respond to painful stimulation of the abdominal skin, feet or during laparotomy. Loss of righting reflex and reaction to toe and abdominal skin pain was lost within 5 min of injection. However, pain response to the extremities was usually regained prior to pain sensation in the abdominal area. Duration of anaesthesia was dose dependent and increased if either drug dosage was increased (Table 1) . No significant difference in the duration of anaesthesia or recovery of the righting reflex was noted between animals housed in long and short day photoperiods, nor were any differences between the sexes. Significant differences were detected in the respiratory rate between the 3 anaesthetic doses and the 2 photoperiods (long day, 64' 5 ± I' 3; short day, 84' 5 ± l' 3; mean ± SD in respirations per min).
No significant interactions were detected.
The highest dose (200/10 ketamine/xylazine mg/kg) was not included in the statistical analysis because 13 of 24 hamsters given that dose died within 15 min of injection. This was unexpected since death did not occur in those animals subjected to this dose during the pilot study. Because of the high death rate during the first trial at this dose, no additional animals were given this dose. The cause of death appeared to be respiratory depression. Respirations were irregular as well as decreased in both rate and depth. The cause of death was not attributable to any gross lesions found at necropsy. The duration of anaesthesia and time to recovery of righting reflex in those animals that survived this dose was excessively long.
Discussion
The results indicate that a combination of ketamine and xylazine can be a safe and effective anaesthetic in the Djungarian hamster. Analgesia and muscle relaxation were of adequate depth and length for abdominal surgical procedures. Analgesia of the extremities was shorter than that of the abdomen, but was sufficient for common procedures. The duration of anaesthesia and recovery were dose related, but were not affected by the physiological changes that accompany photoperiod changes in this species. However, respiratory rates were significantly increased in hamsters subjected to a photoperiod of 16: 8 h (light: dark) at all dose levels. No logical explanation for this is obvious. It is interesting that the respiratory rate was decreased with the higher dose of xylazine, with ketamine having an additional effect when the ketamine dose increased from 100 to 200 mg/kg. This is in contrast to the lack of further depression noted when the ketamine dose increased from 50 to 100 mg/kg with the same dose of xylazine (10 mg/kg). Both xylazine (Haskins et al., 1986) and ketamine (Wright, 1982) are respiratory depressants.
It is important to note that the highest dose, 200/10, which caused death in a majority of the Djungarian hamsters in this study, has been reported to be a safe and effective anaesthetic dose in the Syrian hamster when given i.p. (Curl & Peters, 1983) .
All injections in this study were given i.p. to avoid potential injection site complications since it has been reported that necrosis can occur when this drug combination was given in high doses i.m. in Syrian hamsters (Gaertner et al., 1987) . Safe use of this drug combination also demands accurate determination of body weight as large errors in weight estimation, relative to total weight, in animals this size are likely. In conclusion, it was determined that the i.p. injection of 50 mg/kg of ketamine with 10mg/kg of xylazine or 100 mg/kg of ketamine with 5-10mg/kg of xylazine was a satisfactory general anaesthetic in Djungarian hamsters exposed to either long or short day length photoperiod.
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